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Abstract
Background: Early dietary patterns are critical to growth and development and play an important role in development
of food preferences and habits. The objective of this paper is to describe when different foods enter the diet and how
food consumption changes over the period of complementary feeding.
Methods: We analyzed cross-sectional 24-h dietary recall data from the Feeding Infants and Toddlers Study (FITS) 2008, a
nationally representative sample of young children. Data are presented for 7 age groups: 6–8.9 months (n = 249), 9–11.
9 months (n = 256), 12–14.9 months (n = 243), 15–17.9 months (n = 251), 18–20.9 months (n = 219), 21–23.
9 months (n = 212) and 24–47.9 months (n = 1461). Per capita energy was calculated from major food groups
and specific types of food within each food group.
Results: The predominant source of energy in the infant diet was milk (breast milk and infant formula), contributing
98% of energy at 0–3 months, and 91% at 4–5 months. At 6–8 months, when complementary feeding had begun for
most infants, 69% of daily energy was coming from milk, 11% from grains, 6% from fruits, 5% from vegetables and 4%
from mixed dishes. The diet then quickly transitioned until at 21–23.9 months, 26% of energy came from milk, with
other key sources of energy being grains (17%), mixed dishes (14%), meats (12%) and sweets (12%). The period from 4
to 14 months was the most dynamic period of change regarding the introduction of complementary foods for all food
groups, with a slower rate of change between 15 and 24 months. After 24 months, the diet stabilized and included less
energy from milk (20%) and vegetables (4%) and more energy from mixed dishes (18%), grains (16%), and sweets
(17%), and began to resemble adult diets.
Conclusions: Feeding in the first 24 months shapes dietary patterns, and thus provides a critical window of opportunity
to shape subsequent dietary patterns and eating habits. Findings from FITS identified high sweet and low
vegetable consumption as key issues. Education is needed for health care professionals and parents on feeding
during this important period. These findings can be used to support the development of specific and actionable
feeding guidance for parents.
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Background
Early dietary patterns are critical to growth and develop-
ment in children and play an important role in the develop-
ment of food preferences and habits [1, 2]. The selection of
foods offered, repeated exposure to new foods, as well as
the feeding style parents use are all critical elements in the
development of healthy eating habits in infants and toddlers
[1–4]. Improper infant feeding practices have been impli-
cated in early development of overweight in infants, and
infant overweight is a strong predictor of early childhood
obesity [5–8]. Early dietary habits are also associated with
food preferences later in childhood [9–11]. This is true for
fruits and vegetables [9–11] and also for less-healthy dietary
components such as sugar-sweetened beverages and other
sources of discretionary calories [10, 12].
The Feeding Infants and Toddlers Study (FITS) in the
United States (US) has been a source of information on
the dietary changes as children move from an all-milk
diet to foods of the family table [13–19]. Previous results
have shown that some children begin consuming sweets
very early in life and that percent consuming steadily in-
creases during the first 2 years of life [18]. Even as early
as 4–5 months, almost 5% of infants were being fed
sweets and by 2–3 years, 80% consumed some type of
sweets or sweetened beverage on any given day [16, 18].
About 30% of all infants and children up to age 4 did
not receive any discrete servings of vegetables during an
average day, and by 2 years, more children consumed
sweets than either fruit or vegetables [16]. Data from
both FITS 2002 and the National Health and Nutrition
Examination Survey (NHANES) 2005–2012 have shown
that leading sources of energy in the diets of young chil-
dren include 100% juice, grain based mixed dishes,
fruits, sweet bakery products, breads, rolls and tortillas,
poultry and sugar-sweetened beverages [15, 20].
This objective of this paper is to describe when different
foods enter the diet of infants and young children and
how food consumption changes over the period of com-
plementary food introduction up to the age 4 years. This
research builds upon earlier FITS research and develops a
comprehensive picture of the transitions in the infant and
toddler diet with respect to sources of energy, by assessing
very narrow age groups across major food groups and a
large number of more specific food types. It describes
which food groups and specific food types become more
or less important sources of energy at various stages dur-
ing the transition from an all milk diet into meals from
the family table. It also explores what foods are contribut-
ing to the increase in calories as growing children con-
sume more daily energy.
Early feeding has been shown to be critical for both
immediate growth and development as well as long term
impact on overall health, development of food prefer-
ences and establishment of dietary habits. Several issues
of concern, previously identified in the diets of children
at an early age, such as high sweet consumption and low
fruit and vegetable consumption, merit a more detailed
understanding of when and how these issues develop.
This information can provide valuable insights to those
who are developing dietary guidance for children birth
to 24 months as well as those on the front lines counsel-
ing parents on how to feed young children.
Methods
FITS 2008 is a cross-sectional survey of a national ran-
dom sample of US children from birth through age
47 months [21] and is similar in design to the FITS 2002
[22]. Subjects were recruited from targeted-list frames
within the New Parents Database and the Consumer
Database from Experian Inc. (Costa Mesa, CA), a commer-
cial vendor. The sampling frame included children from
birth to 47 months from all US states and the District of
Columbia [21]. All instruments and procedures are avail-
able on-line [23] and were reviewed and approved by
Mathematica Policy Research’s independent institu-
tional review board at the time of the study (Public/
Private Ventures, Philadelphia, PA).
Among sampled households that could be reached to
verify an age-eligible child, 60% responded to the recruit-
ment interview. Among respondents who completed the
recruitment interview, 78% completed a 24-h dietary
recall. The overall analytic response rate among those lo-
cated with an eligible child was 47% (0.60 × 0.78 = 0.47),
similar to the rates achieved in other large-scale telephone
surveys at the time [21]. Data were weighed to account for
nonresponse and under-coverage of some subgroups of
children not included in the sample frame and to reflect
the US population.
Data collection methods and outcome measures
Study participants received up to three telephone inter-
views between June 2008 and January 2009. The first
was a recruitment interview to determine whether there
was an age-eligible child and to collect household and
child demographics, child feeding history (for example,
whether the child was ever breastfed and when solid
foods were introduced), and information about the
child’s physical activity and sedentary behaviors. The
second call was a dietary interview, including a 24-h
dietary recall and questions on breastfeeding, and the
introduction of foods. For a subset of the sample, a sec-
ond 24-h dietary recall was collected 3 to 10 days follow-
ing the first and was used to estimate usual nutrient
intake distributions. Before the dietary interview, respon-
dents (the primary caretaker of the selected child, typic-
ally the mother) received a packet of materials via mail,
including a study letter, food model booklet, ruler, liquid
measuring cup with instructions, and instructions for
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recording foods consumed while the child was in child
care [21].
Dietary interviews were conducted by telephone and ad-
ministered by certified dietary interviewers at the University
of Minnesota’s Nutrition Coordinating Center using the
FITS 2008 protocol and the Nutrition Data System for
Research (NDSR) (version 2008, University of Minnesota
Nutrition Data System for Research, Minneapolis). All re-
spondents received a $20 incentive for participation in the
first 24-h dietary recall and an additional $10 for the second
24-h dietary recall. Approximately 26% of the dietary recalls
were collected for weekend intakes (i.e., Saturday or
Sunday) and 74% reflected intake on weekdays (i.e., Mon-
day through Friday) [21].
Food groups
The NDSR 2008 included more than 18,000 foods with
values for 156 nutrients, nutrient ratios, and other food
components. The database contained more than 7000
brand-name products, including many baby/toddler foods
and infant formulas. A total of 358 foods were added to
the FITS 2008 database to reflect foods commonly con-
sumed by US infants and toddlers at the time. When a re-
ported food was not available in the database, the item
was entered as “missing” along with details (brand name,
description, preparation details, package size, dimensions,
and weight or number consumed) and resolved after data
entry was completed for the recall [21].
All foods and beverages reported in the 24-h dietary re-
calls were assigned to food groups in a manner consistent
with those used for the food group analysis in the 2002
FITS [14]. The 2002 food groups were updated and
expanded, as needed, to incorporate new foods and bever-
ages reported in the FITS 2008 and to address the re-
search objectives on consumption of foods and food
groups/subgroups. Estimates were based on foods as con-
sumed. That is, food mixtures, such as soups, pizza, or
pasta-based dishes, were considered single items and were
not broken down into their constituent ingredients. In this
manner the estimates for the energy from lower energy
density foods such as vegetables and fruits should be con-
sidered as lower-bound estimates because they can also be
consumed as part of other mixtures in the diet.
Food group consumption data was used to calculate
the per capita energy consumption from different foods
and food groups. This was done by adding all of the cal-
ories from a specific food or food group within a given
age group and then dividing by the number of children
in that specific age group. Percentages were then calcu-
lated by dividing the per capita calories from a specific
food or food group by the total number of calories con-
sumed by the children in that age group multiplied by
100. Percent of energy from major food groups was esti-
mated for children 0–47 months (n = 3273) in 12 age
groups: 0–3.9 months (n = 216), 4–5.9 months (n = 166),
6–8.9 months (n = 249), 9–11.9 months (n = 256), 12–
14.9 months (n = 243), 15–17.9 months (n = 251), 18–
20.9 months (n = 219), 21–23.9 months (n = 212), 24–29.9
(n = 365), (30–35.9 (n = 371), 36–41.9 (n = 395) and 42–
47.9 (n = 330). Given the very small changes in dietary pat-
terns seen from 0 to 5.9 months and after 24 months, we
have focused primarily on infants and toddlers 6–23
months and displayed the toddlers from 24 to 47 months
(n = 1461) as a single age group.
Statistical analysis
Descriptive analyses were based on children with
complete 24-h recalls on day 1. Sample weights were
calculated to account for nonresponse and to weight the
sample to reflect the US population for the appropriate
ages and survey year. Calories from various food groups
were estimated using the Statistical Analysis System
(SAS Version 9.1.3, 2004, SAS Institute, Cary, NC) and
accounted for the weighting and design effects. No stat-
istical tests were performed, as the purpose of this ana-
lysis is to describe transitions and how the diet evolves
over time as the child grows and consumes a greater
amount of energy. A 1-day estimate from 24-h recalls
for the purpose of estimating mean group intake has
been previously shown to be appropriate [24]. All re-
ported foods and beverages were included in the esti-
mates, regardless of the amount consumed.
Results
Early in life, the predominant source of energy in the in-
fant diet was milk (breast milk and/or infant formula),
contributing 98% of energy at 0–3 months, and 91% at
4–5 months (Fig. 1, Table 1). A small amount of other
foods were introduced to more than half of infants at 4–
5 months, with 5% of daily energy from grains and very
little from any other food group.
By 6 months all food groups have entered into the
diet. The speed of incremental contribution of all food
groups to total daily energy is dramatic in the 10 month
period between 4 and 14 months, going from 10 to 65%
of total daily energy, and then slows down and increases to
80% over the next 10 months. After this period, the relative
individual food group contribution to energy intake re-
mains remarkably stable, despite significant changes in the
variety of foods consumed as the child grows.
At 6–8 months, when complementary feeding has
begun for nearly all infants, 69% of daily energy was
coming from milk, with grains becoming a key source of
energy (11%) as well as fruits (6%), vegetables (5%) and
mixed dishes (4%). The diet then quickly transitioned
until at 21–23.9 months, 26% of energy came from milk,
with other key sources of energy being grains (17%),
mixed dishes (14%), meats (12%) and sweets and snacks
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(12%). After 24 months, the diet stabilized and included
less energy from milk (20% daily energy) and more en-
ergy from mixed dishes (18%), grains (16%), and sweets
and snacks (17%). At the age of 24–47 months, energy
from vegetables was at approximately 4% of daily energy,
less than that seen during the complementary feeding
period of 6–11 months (5–6%). Energy from fruit was at
a similar level throughout the transition period (6–7%
from 6 to 47 months) but energy from juice increased
from 2% at 6–8 months to 6% of daily energy from
15 months on.
Milk and dairy products
Breast milk and infant formula contributed 99.2% of the
total energy from milk and dairy products at the age of 6–
8 months (Table 2). The proportion of energy from infant
formula was 73% among these 6–8 month olds, 26% from
breast milk and just a small portion of energy coming
from cow’s milk (<1%). At age 12–14 months, there was a
large shift from formula and breast milk to cow’s milk,
with 60% of total milk energy coming from cow’s milk.
From the age of 12 months, the predominant milk source
of energy was whole cow’s milk, and by the age of
24 months, 53% of the cow’s milk consumed was reduced
fat or low-fat milk. Cheese and yogurt contributed little
energy before the first year, but become more important
sources of energy after 12 months, providing 21% of
energy from milk and dairy products by 24 months of age.
Grains
Grains are generally the first food group to be introduced
in the diets of infants, contributing a significant portion of
daily energy. By 6–8 months, grains provided 11% of daily
energy, most of which was from infant cereal (Table 3). By
9–11 months, infants were getting 13% of energy from
grains, with 40% of this contributed by infant cereals and
the rest from a variety of grain products including all fam-
ily (ready-to-eat and cooked) cereals, rice and pasta, and
bread and rolls. Beginning from the age of 12–14 months,
children consumed approximately 16% of total energy
from grains, with the largest portion coming from all fam-
ily cereals, followed by similar amounts from crackers and
pretzels, rice and pasta, and bread and rolls. The selection
of cereals shifted from primarily infant cereals before
12 months to all family cereals from 12 months onward.
The all family cereals consumed by children 12–14
months were predominantly not pre-sweetened, but with
a similar consumption of presweetened and not preswee-
tened from 15 months. All family cereal consumed from
12 months were more often whole grain (71% of energy
from all family cereals) than not whole grain (29%). At all
ages, the vast majority of breads consumption was refined
grain, not whole grain.
Mixed dishes
Mixed dishes accounted for 4% of daily energy at 6–8
months and 8% of daily energy at 9–11 months (Table 4).
Baby food dinners are the predominant type of mixed
dish at 6–8 months and comprise about a third of the
mixed dish energy at 9–11 months. Commercially pre-
pared toddler dinners were consumed beginning at 9–11
months, and provided about 6% energy from mixed
dishes at 9–15 months with a lower consumption until
24 months. Grain based mixed dishes provided most of
Fig. 1 Percent of energy from major food groups, as consumed, 0–48 months: FITS 2008. Very early in life, the diet transitions from an all milk
diet to a diverse diet that is high in sweets and low in fruits and vegetables
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Table 2 Energy (calories per capita per day) from different types of Milk and Dairy products among children 6–47 months: FITS 2008
(n = 2891)















Total Energy Milk & Dairya 504 506 381 338 312 325 260
Milk 496 485 345 294 260 265 205
Breast milk 130 135 30 8 2 8 1
Infant formula 362 317 98 27 5 3 1
Cow’s milkb 4 33 207 244 240 251 195
Whole 3 27 178 200 184 173 74
Reduced-fat 0 5 28 42 50 64 85
Low and non-fat 0 0 2 1 5 12 23
Dairy Foods 7 21 37 44 53 60 54
Cheese 2 9 12 25 26 34 27
Yogurt 5 12 25 19 27 26 27
aThe mean energy at the Total Milk & Dairy level may include food sub-categories that are not displayed separately. Food sub-categories displayed may not be
mutually exclusive
bCow’s milk also includes goat’s milk
Table 3 Energy (calories per capita per day) from different types of Grains and Grain Products among children 6–47 months: FITS
2008 (n = 2891)

















82 125 169 157 181 216 205
Infant cereals 68 53 22 6 4 4 4
All Family cerealsb 3 27 52 44 58 55 61
Pre-sweetenedc 0 13 16 22 24 29 31
Not-presweetened 3 14 35 22 34 26 30
Whole graind 3 24 41 26 42 39 43
Refined grain 0 3 11 18 15 16 17
Bread and rollse, f 1 11 20 22 26 53 36
Whole graind 0 3 6 6 5 6 6
Refined grain 1 8 15 16 22 47 29
Rice and pastag 1 15 23 27 35 28 32
Crackers, pretzels, rice cakes 5 8 23 34 36 33 42
Pancakes, waffles, French
toast
1 3 12 12 10 29 21
aThe mean energy at the Total Grains/Grain Products level may include food sub-categories that are not displayed separately. Food sub-categories displayed may
not be mutually exclusive
bAll family cereals include both ready-to-eat cereals and cooked cereals
cPre-sweetened cereals are defined as those containing more than 21.2 g sugar per 100 g
dIncludes foods assigned to the “whole grain” subgroup in the NDS-R Food Servings Count System; it does not include foods assigned to the “some whole
grain” subgroup
eBread and rolls also includes biscuits, bagels and tortillas
fBread and rolls excludes breads and rolls used in sandwiches—these are included as part of mixed dishes
gRice and pasta excludes rice and pasta used in mixed dishes
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energy from mixed dishes from 12 months and contrib-
uted over 80% of energy from mixed dishes from
15 months on. Sandwiches made up a key portion of
this, providing 25–47% of energy from grain-based
mixed dishes, depending on age. Macaroni and cheese
as well as the category of spaghetti, lasagna and ravioli
each accounted for more than 20% of energy from
grain-based mixed dishes among toddlers 12–24 months
and about 15% after 24 months.
Meats
Poultry (chicken and/or turkey) was the top meat/pro-
tein source of calories, followed by processed meats
(hotdogs, sausages and cold cuts), and eggs (Table 5).
Chicken and turkey provided 34% of total energy from
meats at 9–11 months of age and then quickly increased
to 37–48% of total energy from meat between 12 and
47 months, almost double that of other protein sources.
Aside from processed meats (hot dogs, sausages and
cold cuts), there was little consumption of beef or pork
among infants and toddlers, and few reported consum-
ing dried beans and peas or other legumes.
Vegetables
Vegetables were generally introduced into the diet of in-
fants beginning at 6 months, and consumption was
highest (6% of daily energy) during the 9–11 month
period (Table 6). From the age of 12-months, vegetables
contributed only 4–5% of total daily energy.
Large and important shifts in amount and type of
vegetable intake happened between infancy and toddler-
hood. At 6–8 months more calories were coming from
deep yellow vegetables, including carrots, winter
squashes and sweet potato, than from any other vege-
table. By the age of 9–11 months more calories were
coming from green vegetables, followed by deep yellow,
white potatoes and other vegetables. By 12–14 months,
white potatoes (including French fries and other fried
potatoes) were the most commonly consumed vegetable,
contributing more than half of the daily energy from
vegetables, and this pattern continued through
47 months of age.
Given the shift to higher calorie types of vegetables
(French fries and other white potatoes), we also assessed
the amount of vegetables consumed as discrete items in
order to more clearly understand vegetable consumption
(Fig. 2). While the mean calories from vegetables
remained constant at 56–58 kcal between 9 and 47 months
(Table 6), the mean amount consumed (grams per capita
per day) declined. At age 9–11 months, children con-
sumed more total vegetables than at any other age that
was studied (92 g). By the time children reached
12 months of age, the amount of vegetables consumed de-
clined to 64 g per day and remained at this level through
47 months.
The form of the vegetables also shifted dramatically
between 6 and 14 months. Baby food vegetables were
highest at 6–8 months, contributing more than 75% of
the vegetable calories, and dropped to 30% of vegetable
calories at 9–11 months, and 15% of vegetable calories
at 12–14 months. However, given the higher calorie veg-
etables being consumed after 9 months, the total
amount of vegetables from baby food was 45% and 30%
at 9–11 months and 12–14 months respectively.
Fruit and 100% juice
Fruits were also commonly introduced to infants at
around 6 months of age, and by 9 months, infants and
toddlers consumed about 70 cal of fruits per day
(Table 7). Baby food fruits contributed 75% of the fruit
calories at 6–8 months, half the fruit calories at 9–11
months, and about 15% at 12–14 months. Fresh fruits
Table 4 Energy (calories per capita per day) from different types of Mixed Dishes among children 6–47 months: FITS 2008 (n = 2891)















Total Energy Mixed Dishesa 26 76 124 154 166 176 238
Baby and Toddler dinnersb 21 31 18 10 5 5 1
Macaroni and cheese 3 8 18 36 26 38 32
Spaghetti, ravioli, lasagna 1 11 21 30 29 39 29
Sandwiches 0 8 37 32 58 37 98
Pizza 0 2 6 26 9 22 33
Bean mixtures, chilic 0 0 0 2 1 1 1
Soup 0 6 7 9 9 10 12
aThe mean energy at the Total Mixed Dishes level may include food sub-categories that are not displayed separately. Food sub-categories displayed may not be
mutually exclusive
bBaby and Toddler dinners are commercially prepared foods specifically for young children
cIncludes beans and rice, chili prepared with beans, and other bean mixtures
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Table 5 Energy (calories per capita per day) from different types of Meats and Protein sources among children 6–47 months: FITS
2008 (n = 2891)















Total Energy Meats/Proteina 8 62 85 144 139 151 155
Baby food meat 3 1 2 1 0 0 0
Non-baby food meat 4 52 57 99 98 115 116
Eggs 0 7 11 34 28 19 22
Peanut butter, nuts, seeds 0 2 2 2 3 7 11
Dried beans, peas,
vegetarian meat substitutes
1 1 12 9 11 10 8
Types of Meatb
Chicken/turkey 4 18 22 48 43 43 54
Hot dogs, sausage,
cold cuts
1 9 18 21 23 36 28
Beef 0 1 6 21 15 15 16
Pork/ham 1 2 3 4 13 12 9
Fish/shellfish 0 1 4 3 4 6 6
Other meats 0 21 5 3 1 2 3
aThe mean energy at the Total Meat/Protein level may include food sub-categories that are not displayed separately. Food sub-categories displayed may not be
mutually exclusive
bIncludes baby and non-baby food meats
Table 6 Energy (calories per capita per day) from different types of Vegetables among children 6–47 months: FITS 2008 (n = 2891)















Total Energy Vegetablesa 34 58 55 49 52 52 56
Baby food vegetables 26 17 9 4 2 1 0
Cooked vegetablesb 8 40 46 43 49 47 51
Types of vegetablesc
Dark greend 0 15 2 1 4 1 3
Deep yellowe 16 13 11 5 4 2 5
White potatoes 5 13 32 27 29 27 32
French fries/fried
potatoes
0 4 15 9 17 16 23
Other starchy vegetablesf 6 6 5 9 6 13 8
Other reported
vegetablesg
7 11 6 7 9 8 9
aThe mean energy at the Total Vegetables level may include food sub-categories (like 100% vegetable juice) that were consumed in small quantities and are not
displayed separately. Food sub-categories displayed may not be mutually exclusive
bIncludes any type of cooked vegetable from canned, fresh or frozen
cIncludes commercial baby food, cooked vegetables and raw vegetables
dIncludes broccoli, spinach and other greens, and romaine lettuce
eIncludes carrots, pumpkin, sweet potatoes and winter squash
fIncludes corn, green peas, immature lima beans, black-eyed peas (not dried), cassava, and rutabaga
gIncludes artichoke, asparagus, beets, Brussels sprouts, cabbage, cauliflower, celery, cucumber, eggplant, green beans, lettuce, mushrooms, okra, onions, pea pods,
peppers, tomatoes/tomato sauce, yellow (wax) beans, and zucchini/summer squash
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Fig. 2 Grams vs Kcal of various types of vegetables consumed, 0 to 48 months: FITS 2008. From about 12 months, total amount of vegetables
consumed declines and higher calorie vegetables begin to replace lower calorie vegetables
Table 7 Energy (calories per capita per day) from different types of Fruit among children 6–47 months: FITS 2008 (n = 2891)















Any Fruit or Juicea 62 97 117 136 151 148 145
Any Fruit 45 70 70 74 76 73 73
Baby food fruit 34 35 11 7 7 1 0
Canned fruit 2 9 20 17 19 25 12
Fresh or frozen fruit 9 26 34 46 43 42 54
Types of Fruitb
Apples 14 16 12 15 13 16 19
Bananas 22 28 24 24 18 19 20
Berries 0 1 3 4 3 1 4
Citrus fruits 0 3 3 2 5 2 4
Grapes 0 1 5 5 8 7 7
Melons 0 1 3 1 2 1 2
100% fruit juicec 17 27 47 63 75 76 72
Apple/apple blend 8 16 21 33 35 23 34
Grape 4 6 5 9 11 18 8
Citrus/citrus blend 1 1 10 9 8 11 15
Otherd 4 4 11 12 21 24 15
Sample size 249 256 243 251 219 212 1461
aThe mean energy at the Total Fruits level may include food sub-categories that were consumed in small quantities and are not displayed separately. Food sub-
categories displayed may not be mutually exclusive
bIncludes all baby food and non-baby food fruits
cIncludes all 100% fruit juice (baby and non-baby)
dIncludes all other 100% fruit juices including single juice types and blends
Reidy et al. BMC Nutrition  (2017) 3:5 Page 9 of 14
were the key contributors, with most of the calories
from fruit coming from bananas and apples.
There is very little juice consumption before 6 months
of age (Table 1). Fruit juice provided 2–3% of calories
for 6–11 month olds and it increased to almost 5% at
12–14 months and about 6% of total calories from 15 to
47 months. The predominant type of juice among in-
fants and toddlers was apple juice or apple juice blends.
Sweets, sweetened beverages and fried salty snacks
Sweets, sweetened beverages and fried salty snacks were
introduced early and quickly became a major source of
calories reaching 13% of daily energy by the end of the
second year (21–23 months) and almost 17% of total en-
ergy by 24–47 months (Table 8, Fig. 3). The majority of
these calories were from sweets, with fried salty snacks
(including potato and tortilla chips, popcorn and cheese
puffs/curls, etc.) making up very little of this energy, be-
ing virtually not consumed in the first year, 1% of total
calories in the second year and reaching about 2% of cal-
ories by 24–47 months. Cakes, pies, cookies and pastries
along with sweetened beverages were the leading con-
tributors of calories among these discretionary foods.
Cookies were the biggest contributor in this category,
providing 20–35 cal in the second year of life and 40 cal
at 24–47 months. Consumption of sweetened beverages
increased from 15 cal at 9–11 months to 35 cal by the
end of the second year and 52 cal per capita per day at
24–47 months, with fruit flavored drinks providing most
of these calories.
Discussion
As children grow and consume more calories to support
normal growth, development and activity, it is critical
that the calories they consume are quality calories and
the food patterns built are healthy patterns that will sup-
port growth while helping to prevent childhood obesity
and chronic disease later in life. Findings from the FITS
2008 reported here build on those reported earlier [16,
18] by further elaborating the relative contributions of
different foods to total energy intake.
Human breast milk is recommended as the sole source
of nutrients for infants up to approximately 6 months of
age [25] and iron-fortified infant formulas are the most
appropriate substitute when breast milk is not available
[25]. The American Academy of Pediatrics (AAP) does
not recommend introduction of cow’s milk until after
the age of 12 months. We found that, while there was
far less breast feeding than recommended, most infants
consumed appropriate types of milk (breast milk or
iron-fortified infant formula) up to the age of 12 months,
with very little whole cow’s milk being consumed during
infancy. There was an appropriate switch to whole milk
after 12 months, in line with AAP recommendations
[25]. While there was a shift to more consumption of re-
duced fat milks (2% milk fat) after 2 years of age, there
was little consumption of low fat milks (1% milk fat or
skimmed milk). These FITS results are very similar to
findings from NHANES, which report only approxi-
mately 3% of total daily energy from cow’s milk from 6
to 11 months of age, increasing to 22.4% from 12 to
23 months [20]. Also in the second year of life, cow’s
milk is providing 47% of saturated fat [20].
At the age of 4–6 months, infants need to begin to
consume iron-rich complementary foods or dietary sup-
plements [25] and for this reason, infant cereals in the
US are fortified with iron and are included in the Special
Supplemental Nutrition Program for Women, Infants,
and Children (WIC). Previous FITS research has shown
that overall 80% of infants 6–8 months old consume for-
tified infant cereal [18], and the rate is higher among
WIC participants [19], so it is not surprising that infant
cereal consumption was highest among this age group.
However, we observed a shift to all-family cereals begin-
ning at 9 months, and many all-family cereals can be
much lower in iron than infant cereals. With 12% of 6–
11 month old infants having inadequate iron intake [17],
and rates of iron deficiency anemia in the range of 0.9–
4.4% among toddlers [26], there is a need for iron-
fortified cereals and meats (as a source of heme iron) in
the diet of young children [2, 25].
In addition to grains, a major portion of the increase
in calories that children consume between infancy and
preschool are contributed by mixed dishes, especially
grain-based mixed dishes. With the large portion of cal-
ories coming from mixed dishes, it is important for these
to be made with healthy ingredients such as lean meats,
whole grains and vegetables and to be low in sodium. In
fact, mixed dishes are responsible for almost 40% of total
vegetable intake in children ages 2–5 years [27]. The
overall vegetable intake was somewhat higher than those
we reported only from vegetables consumed as distinct
food items [16], but still falling far below the recommen-
dations for most children.
The contribution of different foods to energy intake is
an important way to assess diets, but may provide fewer
insights for vegetables. Therefore for vegetables, in
addition to the energy contribution, we also assessed
amount consumed. This analysis revealed that infants
between 9 and 11 months of age are consuming more
vegetables, in absolute gram amounts, than they will
consume at any other age in childhood. Children con-
sume a similar number of calories from vegetables at
12 months that they continue to consume until age
47 months, even though they add about an additional
400 kcal to their daily energy intake during this period.
Not only is there less vegetable consumption overall (as a
percentage of total energy), there is also less consumption
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of nutrient rich deep yellow and green vegetables and
higher consumption of white potatoes, especially French
fries, after infancy. It appears that this is related to several
factors. First, baby food vegetable consumption is declin-
ing and it does not appear to be replaced, or not com-
pletely replaced with cooked vegetables. Secondly, it
appears that there is less variety in the vegetables offered
to children as they grow older. This analysis evaluated
discrete servings of vegetables, so it is also likely that more
vegetables are being consumed as part of mixed dishes. In-
fants accept a wide variety of vegetables, especially after
repeated exposures [28]. Frequency of infant vegetable in-
take has also been associated with intake at 6 years of age
[9]. Taken together, there is a big opportunity to continue
the positive trend of infant vegetable intake and accept-
ance into childhood.
Similar to the pattern seen for vegetables, the amount
of fruit consumption in children up to age 47 months is
established by 9–11 months at about 70 cal, which is the
equivalent of about one cup of chopped apples or one
half cup of sliced banana [29]. Calories from 100% fruit
juice continue to increase into toddlerhood until at 2–4
years, the number of calories from 100% fruit juice
(72 kcal) is equivalent to about 5 oz of unsweetened
apple juice [29]. In line with AAP recommendations at
the time [2], few infants in our study consumed juice be-
fore the age of 6 months. Analysis from NHANES [20]
shows that 100% juice contributes more calories (5.9% of
daily energy) than fruits (4.8% of daily energy) for chil-
dren 12–23 months, but this may be due to the fact that
some of these data are older (beginning with the 2005–
2006 NHANES release) and we have seen a change to
less juice consumption between FITS 2002 and 2008
[18]. Our results show similar energy from fruits and
100% fruit juices from the age of 18 months, while for
infants and younger children, fruit is more commonly
consumed. Fruit intake and variety in infancy has been
shown to be predictive of fruit consumption at 6–8 years
of age [11], so establishing this habit early has lasting
implications for diet composition.
The total daily intake of calories among young children
increases by about 600 cal between ages 6 months and
4 years, from about 700 to about 1300 cal per day. About
one-third of these additional calories comes from sweets
and sweetened beverages, accounting for 15% of total daily
energy at 24–47 months. Among younger children, 12–23
months old, sweets and sweetened beverages provided
10.4% of total daily energy, and although the food groups
were slightly different, this is similar to the 10.2% daily en-
ergy from sweetened foods and beverages reported in
NHANES for the same ages [20]. Early consumption of
sugar sweetened beverages is problematic not only by dis-
placing more energy dense foods [2], but also because
early consumption of sugar sweetened beverages signifi-
cantly increases the likelihood of consuming them later in
childhood [12], along with higher odds of developing
obesity [30]. High consumption of discretionary calorie
foods contributes to two significant public health prob-
lems, overconsumption of energy as well as inadequate in-
take of healthy foods from the basic food groups, such as
vegetables, fruits and whole grains, and their associated
nutrients [2]. Shifting the consumption from sweets to
fruits and vegetables would likely provide fewer calories
and more dietary fiber and potassium, nutrients previously
shown to be generally inadequate in young children’s diets
[17], as well as antioxidant vitamins A, C, and E.
The FITS 2008 is a large-scale, nationally representative
study using robust methods for dietary data collection and
Fig. 3 Energy intake from sweets and sweetened beverages, 0 to 48 months: FITS 2008. More than a third of the 600 cal increase in energy
intake seen between 6 months and 4 years comes from sweets and sweetened beverages
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analysis. The food classification system is similar to that
used by USDA for NHANES [31], but re-grouped certain
foods to better reflect the diet patterns of infants and tod-
dlers [14]. However, because foods were classified as con-
sumed, this approach may undercount some specific
foods of interest, such as vegetables, by not including
those found in mixed dishes. Other limitations include the
possibility of over- or under-reporting by the parent or
other proxy reporter for their child’s daily intake. Finally,
in order to analyze by several age groups and numerous
food groups to understand changes in food and energy
consumption across the various ages, the resulting sample
in some cells was quite low. Therefore, the occasional
point estimate that is not in line with the trend may need
to be interpreted with caution.
Conclusions
These findings from FITS 2008 highlight the first 2 years
of life as the most dynamic period in the exposure and
introduction of food groups to infants’ diets. The fast rate
of increase in energy contributed by foods and beverages
between 4 and 14 months of age, decreases from 15 to
24 months, after which the relative energy contribution by
food group remains remarkably stable despite increases in
absolute energy intake. This suggests this early feeding
period is a highly significant time for development of diet-
ary patterns and potentially for subsequent eating habits.
These findings also provide further insight and highlight
the need to address issues in toddler nutrition and feeding
that have been previously identified, key among which are
high sweet and low vegetable consumption. There has
been much more focus on appropriate feeding during
infancy and while there is still room for improvement, we
do see a more positive picture of diet during infancy. We
need an urgent call to action for focus on research on edu-
cational approaches and development of actionable feed-
ing guidance for parents and caregivers to foster healthy
feeding practices, to help shape the child’s diet patterns
and preferences until they transition to the family table.
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